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Introduction 


The Exobiology Program, located within the Life Sciences Division, Office of Space Science 
and Applications of the National Aeronautics and Space Administration, is an integrated program 
designed to investigate and understand those processes related to the origin, evolution, and 
distribution of life in the universe. 

This report contains a listing of 1990 publications resulting from research supported by the 
Exobiology Program. Our intent in compiling this bibliography is twofold: to provide the 
scientific community with an annual publication listing (as we have done since 1975) of current 
NASA-supported research in this field, and to stimulate the exchange of information and ideas 
among the scientists working in the different areas of the program. 

The Exobiology Program is broad in scope, covering the following subject areas: Cosmic 
Evolution of Biogenic Compounds, Prebiotic Evolution, Early Evolution of Life, 
Evolution of Advanced Life, Solar System Exploration, Search for Extraterrestrial 
Intelligence, Planetary Protection, and Advanced Programs in Biological Systems 
Research. 

Cosmic Evolution of Biogenic Compounds focuses on understanding the cosmic 
history of the biogenic elements (C, H, N, O, P, S) and their compounds in the galaxy and 
early solar system and understanding the mechanisms of their incorporation (evolution) into 
organic compounds. This includes: (1) tracing the physical and chemical pathways of the 
biogenic elements and their compounds from their origins in stars to their incorporation in pre- 
planetary bodies, (2) determining the kinds of measurements that can be made on the biogenic 
elements and their compounds to develop theories about solar system formation and prebiotic 
evolution, and the origin of life, and (3) determining the ways in which the physical and 
chemical properties of the biogenic elements and their compounds may have influenced the 
course of events during the formation of the solar system and component bodies. 

Prebiotic Evolution seeks to understand how the evolutionary sequence leading from 
simple chemicals to living systems occurred during the development of the Earth and other 
planets. Research and analysis falls into two major areas: (1) die consequences of planetary 
evolution on the physical environment of the Earth and planets, including the importance of the 
physical-chemical processes associated with the development of dynamic planetary surfaces, 
and (2) the evolution of molecules and molecular systems focusing on energetics, dynamics, 
and synthesis of chemicals and chemical systems to determine mechanisms by which these 
systems acquired biological attributes under the constraints imposed by the physical 
environment. 

Early Evolution of Life focuses on the nature and history of primitive organisms, relating 
their evolution to those forces that shaped the evolution of the Earth. The evolutionary record 
occurs in two forms: the familiar fossil record in rocks, in which phylogeny is deduced from 
morphology, and in the genome of extant organisms, where mutational events, the driving 
force of evolution, are expressed in sequences found in the organism’s nucleic acids, or the 
gene products. Thus, studies use the geological record and the molecular record in living 
organisms to determine when and in what setting life first appeared, to determine the 
characteristics of the first successful living organisms, to understand the phylogeny and 
physiology of primitive organisms, to understand the evolution of energy-transducing systems, 
and to understand what determines the rate of mutation (evolution). 
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Evolution of Ad vanced Life examines the influence of astrophysical, stellar, and solar 
system impact events on the evolution of advanced life on Earth, with specific regard to their 
role in species extinctions. Research in this area focuses on understanding the role of 
extinction in evolution and the physical conditions that cause extinction of species. 

Solar System Exploration focuses on providing specific information on the elemental and 
chemical composition, mainly with respect to the biogenic elements, of the atmospheres and 
surfaces of solar system bodies, including planets and their satellites, comets, asteroids, 
meteorites, and dust in space. Improved technology, instrumentation, and experiments are 
being developed for exploration of solar system bodies and interstellar space. Areas of recent 
emphasis have centered around developing methods to search for traces of extinct martian biota 
and developing model systems, such as Antarctica, as analogs for studying the possible 
evolution of life on Mars. 

Search for Extraterrestrial Intelligence (SETI) involves the search for extraterrestrial 
intelligent life by detecting signals in the electromagnetic spectrum, particularly the microwave 
frequency range from 1 to 10 GHz. The principal component of this project is the Microwave 
Observing Project, which consists of two elements, a Targeted Search and a Sky Survey. Also 
included in SETI is the SERENDIP system and a high resolution Infrared Spectrometer. 

Planetary Protection focuses on protection of the various bodies of the solar system from 
possible forward or backward biological materials contamination, based on explicit guidelines 
defined and being defined for each solar system body and each type of mission. With regard to 
the Space Exploration Initiative’s focus of establishing a human presence on Mars, cross 
contamination of Earth and Mars has become an important issue. 

Advanced Programs in Biolo gical Systems Research is a new area, focusing on 
research and analysis tasks that are multidisciplinary, that establish interfaces among the 
Exobiology, Biospherics, and Controlled Ecological Life Support System (CELSS) Research 
Programs, and that begin laying the groundwork for advanced missions. This involves (1) 
determining the basis for the origin and development of ecological interactions between 
organisms and their environment in both natural and artificial ecosystems, (2) developing 
methods for characterizing the state and dynamical interactions of biological systems in and 
with their environment, and (3) assessing the requirements for the feasibility of creating 
habitable extraterrestrial environments, i.e., Mars, Space Station Freedom, Lunar Base. 


This bibliography is divided into the areas noted above. Within each research area, 
publications are listed alphabetically by author. Authors who are Principal Investigators are 
identified by an asterisk. In addition, current addresses for all Principal Investigators are listed in 
the Appendix. 

We wish to thank all the participants in the Exobiology Program for their cooperation in 
responding to our requests for listings of their 1990 publications. We also wish to thank Janice 
Wallace-Robinson and Janet Vaughn Powers for their editorial and technical assistance and Audrey 
Brown for her technical assistance in compiling this bibliography. 


John D. Rummel, Ph.D. 
Exobiology Program Manager 
January 1992 
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Allamandola*, L. 

The nature of interstellar/pre-cometary dust. 

In: Physics and Composition of Interstellar Matter (Krelowski, J., Papaj, J., Eds.). Torun, 
Poland: Institute of Astronomy of the Nicolaus Copernicus University, p. 9-36, 1990. 

(GWU 14103) 

Allamandola*, L J. 

Benzenoid hydrocarbons in space: The evidence and implications. 

Topics in Current Chemistry (Advances in the Theory of Benzenoid Hydrocarbons) 153: 3-25, 
1990. (GWU 14176) 

Allamandola*, L.J.; Sandford, S.A. 

Interstellar grain chemistry and organic molecules. 

In: Carbon in the Galaxy: Studies from Earth and Space (Tarter, J.C., Chang, S., DeFrees, D.J., 
Eds.). Moffett Field, CA: NASA, Ames Research Center, p. 113-146, 1990. (NASA-CP-3061) 
(GWU 8846) 

Anicich, V.G.; Sen, A.D.; Huntress, W.T., Jr.; McEwan, M.J. (Hanner, M.S. = P.I.) 
Association reactions at low pressure. III. The C 2 HjVQ^ system. 

Journal of Chemical Physics 93(10): 7163-7172, 1990. (GWU 14177) 

Blake*, D.F. 

Scanning electron microscopy. 

In: Instrumental Surface Analysis of Geological Materials (Perry, D.L., Ed.). New York: VCH 
Publishers, p. 11-43, 1990. (GWU 14083) 

Blake*, D.F.; Allamandola*, L.J.; Palmer, G. 

Direct determination of the morphology, structure and composition of planetary, cometary and 
interstellar ice analogs (Abstract). 

Lunar and Planetary Science Conference XXI: 95-96, 1990. (GWU 13585) 

Blake*, D.F.; Allamandola*, L.J.; Palmer, G.; Pohorille, A. 

Analytical electron microscopy of extraterrestrial ice analogs. 

In: XII International Congress for Electron Microscopy, Seattle, WA, August 1990, p. 594-595. 
(GWU 14094) 


Brownlee, D.E.; Bunch*, T.E.; Grounds, D.; Griin, E.; Horz, F.; Rummel*, J.; Quaide, W.L.; 
Walker, R.M. 

Cosmic Dust Collection Facility: Scientific Objectives and Programmatic Relations (Horz, F., Ed.). 
Houston, TX: NASA, Johnson Space Center, 29 p„ 1990. (NASA TM-102160) (GWU 14178) 

Bunch*, T.E.; Schultz, P.; Brownlee, D.; Podolak, M.; Reynolds, R.; Cassen, P.; Chang*, S. 
Hypervelocity impact penetration experiments: A guide to the origin of rims on chondrules 
(Abstract). 

Lunar and Planetary Science Conference XXI: 143-144, 1990. (GWU 13586) 

Cronin*, J.R.; Pizzarello, S. 

Aliphatic hydrocarbons of the Murchison meteorite. 

Geochimica et Cosmochimica Acta 54:2859-2868, 1990. (GWU 12296) 
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Cronin*, J.R.; Pizzarello, S. 

Aliphatic hydrocarbons of the Murchison meteorite. 

GeochimicaetCosmochimicaActa 54: 2859-2868, 1990. (GWU 12296) 

Cronin*, J.R.; Pizzarello, S. 

Indigenous hydrocarbons of the Murchison meteorite (Abstract). 

In: Abstracts, Twenty-Eighth Plenary Meeting of the Committee on Space Research, The Hague, 
The Netherlands, June 25-July 6, 1990, p. 243. (GWU 14179) 

Fleming, R.H.; Meeker, G.P.; Radicati di Brozolo, F.; Blake*, D.F.; White, L.D. 

Isotope ratio imaging of interplanetary dust particles (Abstract). 

Lunar and Planetary Science Conference XXI: 369-370, 1990. (GWU 14084) 

Griin, E.; Fechtig, H.; Hanner*, M.S.; Kissel, J.; Lindblad, B.A.; Linkert, D.; Maas, D .; Morfill, 
G.E.; Zook, H.A. 

First results from the Galileo dust detector (Abstract). 

In: Abstracts, Twenty-Eighth Plenary Meeting of the Committee on Space Research, The Hague, 
The Netherlands, June 25-July 6, 1990, p. 109. (GWU 14180) 

Hartmetz, C.P.; Gibson*, E.K., Jr. 

Volatiles present in interplanetary dust particles and contaminants collected on the large area 
collectors (Abstract). 

Lunar and Planetary Science Conference XXI: 459-460, 1990. (GWU 13587) 

Hartmetz, C.P.; Gibson*, E.K., Jr.; Blanford, G.E. 

In situ extraction and analysis of volatiles and simple molecules in interplanetary dust particles, 
contaminants, and silica aerogel. 

In: Proceedings of the 20th Lunar and Planetary Science Conference (Sharpton, V.L., Ryder, G., 
Eds). Houston, TX: Lunar and Planetary Institute, p. 343-355, 1990. (GWU 11478) 

Hartmetz, C.P.; Gibson*, E.K., Jr.; Lauer, H.V. 

A study of aerogel’s suitability as an IDP collection substrate: Potential solutions to volatile 
contamination problems (Abstract). 

Lunar and Planetary Science Conference XXI: 463-464, 1990. (GWU 13588) 

Hawkins, J.M.; Lewis, T.A.; Loren, S.D.; Meyer, A.; Heath, J.R.; Shibato, Y.; Saykally, R.J. 
(Tarter, J.C. = P.I.) 

Organic chemistry of C 60 (Buckminsterfullerene): Chromatography and osmylation. 

Journal of Organic Chemistry 55: 6250-6252, 1990. (GWU 14181) 

Heath, J.R.; Saykally, R.J. (Tarter, J.C. = P.I.) 

The C 9 cluster: Structure and infrared frequencies. 

Journal of Chemical Physics 93(1 1): 8392-8394. (GWU 14182) 

Heath, J.R.; Sheeks, R.A.; Cooksy, A.L.; Saykally, R.J. (Tarter, J.C. = P.I.) 

The C; cluster: Structure and infrared frequencies. 

Science 249(4971): 895-897, 1990. (GWU 14183) 


Irvine*, W.M.; Friberg, P.; Kaifu, N.; Matthews, H.E.; Minh, Y.C.; Ohishi, M.; Ishikawa, S. 
Detection of formic acid in the cold, dark cloud L 134N. 

Astronomy and Astrophysics 229: L9-L12, 1990. (GWU 12278) 
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Irvine*, W.M.; Madden, S.C.; Ziurys, L.M.; Friberg, P.; Hjalmarson, A.; Matthews, H.E.; 
Turner, B.E. 

Observations of the CH 2 CN l 0 r0 00 and 4 04 -3 03 transitions. 

In: Submillimeter Astronomy (Watt, G.D., Webster, A. S., Eds.). Dordrecht, Holland: Kluwer 
Academic Publishers, p. 115, 1990. (GWU 14037) 

Karlsson, H.R.; Socki, R.A.; Gibson*, E.K., Jr.; Balafas, J.S. 

Stable isotopic compositions of carbonates in Antarctic ordinary chondrites: Indicators of terrestrial 
weathering? (Abstract) 

Meteoritics 25: 375-376, 1990. (GWU 12299) 

Kinard, W.H.; Zolensky, M.E.; Horz, F.; Kessler, D.; Zook, H.; See, T.H.; Simon, C.G.; 
Walker, R.; Zinner, E.; Atkinson, D.R.; Allbrooks, M.K.; McDonnell, J.A.M.; Humes, D.; 
Brownlee, D.; Mandeville, J.-C.; Finckenor, M.M.; Chobotov, V.; Bunch*, T.; Mirtich, M. 
Inspection of the Long Duration Exposure Facility and plans to characterize the dust environment 
in low-Earth orbit (Abstract). 

Lunar and Planetary Science Conference XXI: 686-687, 1990. (GWU 14116) 

Lumme, K.; Peltoniemi, J.I.; Irvine*, W.M. 

Diffuse reflection from a stochastically bounded, semi-infinite medium. 

Transport Theory and Statistical Physics 19(3-5): 317-332, 1990. (GWU 12274) 

Lynch, D.K.; Russell, R.W.; Hanner*, M.S.; Lien, D.J. 

Comparison of p/Brorsen-Metcalf and p/Halley in the thermal infrared. 

In: Workshop on Observations of Recent Comets (1990) (Huebner, W.F., Wehinger, P.A., 
Rahe, J., Konno, I., Eds.). San Antonio, TX: Southwest Research Institute, p. 70-74, 1990. 
(GWU 14242) 

Marquez, C.; Hartmetz, C.P.; Gibson*, E.K., Jr.; Oro*, J. 

Volatile molecules produced from carbides of iron, calcium, and manganese by laser pulse 
(Abstract). 

Lunar and Planetary Science Conference XXI: 734-735, 1990. (GWU 13592) 

McGonagle, D.; Ziurys, L.M.; Irvine*, W.M.; Minh, Y.C. 

Detection of nitric oxide in the dark cloud LI 34N. 

Astrophysical Journal 359(1, Pt. 1): 121-124, 1990. (GWU 12284) 

Minh, Y.C.; Ziurys, L.M.; Irvine*, W.M.; McGonagle, D. 

Observations of H 2 S toward OMC- 1 . 

Astrophysical Journal 360: 136-141, 1990. (GWU 12283) 

Pendleton, Y.J.; Tielens, A.G.G.M.; Werner, M.W. (Allamandola, L.J. = P.I.) 

Studies of dust grain properties in infrared reflection nebulae. 

Astrophysical Journal 349: 107-119, 1990. (GWU 12662) 

Prialnik, D.; Bar-Nun, A. (Owen, T. = P.I.) 

Gas release in comet nuclei. 

Astrophysical Journal 363: 274-282, 1990. (GWU 13833) 

Prialnik, D.; Bar-Nun, A. (Owen, T. = P.I.) 

Heating and melting of small icy satellites by the decay of 26 Al. 

Astrophysical Journal 355: 281-286, 1990. (GWU 13834) 
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Salama, F.; Allamandola*, L.J.; Witteborn, F.C.; Cruikshank, D.P.; Sandford, S.A.; Bregman, 
J.D. 

The 2.5-5.0 |i.m spectra of Io: Evidence forH 2 S and H 2 0 frozen in S0 2 . 

Icarus 83: 66-82, 1990. (GWU 11593) 

Salama, F.; Allamandola*, L.J.; Witteborn, F.C.; Cruikshank, D.P.; Sandford, S.A.; Bregman, 
J.D. 

The 2.5-5.0 |im spectra of Io: Evidence for H 2 S and H 2 0 frozen in S0 2 . 

In: Proceedings of the 24 th ESLAB Symposium on the Formation of Stars and Planets, and the 
Evolution of the Solar System, Friedrichshafen, Germany, September 17-19, 1990. Noordwijk, 
The Netherlands: European Space Agency, p. 203-208, 1990. (ESA SP-315) (GWU 12593) 

Sandford, S.A.; Allamandola*, L.J. 

The physical and infrared spectral properties of C0 2 in astrophysical ice analogs. 

Astrophysical Journal 355: 357-372, 1990. (GWU 12594) 

Sandford, S.A.; Allamandola*, L.J. 

The volume- and surface-binding energies of ice systems containing CO, C0 2 , and H 2 0. 

Icarus 87: 188-192, 1990. (GWU 12582) 

Schmuttenmaer, C.A.; Cohen, R.C.; Pugliano, N.; Heath, J.R.; Cooksy, A.L.; Busarow, K.L.; 
Saykally, R.J. (Tarter, J.C. = P.I.) 

Tunable far-IR laser spectroscopy of jet-cooled carbon clusters: The v 2 bending vibration of C 3 . 
Science 249(4971): 897-900, 1990. (GWU 14184) 

Schutte, W.A.; Deamer*, D.; Allamandola*, L.J.; Sandford, S.A. 

Laboratory simulation of the photoprocessing and warm-up of cometary and pre-cometary ices: 
Production and analysis of complex organic molecules (Abstract). 

In: Abstracts, Twenty-Eighth Plenary Meeting of the Committee on Space Research, The Hague, 
The Netherlands, June 25-July 6, 1990, p. 243. (GWU 14185) 

Schutte, W.A.; Tielens, A.G.G.M.; Allamandola*, L.J.; Cohen, M.; Wooden, D.H. 

The anomalous 3.43 and 3.53 micron emission features toward HD 97048 and Elias 1 : C-C 
vibrational modes of polycyclic aromatic hydrocarbons? 

Astrophysical Journal 360: 577-589, 1990. (GWU 13420) 

Socki, R.A.; Karlsson, H.R.; Gibson*, E.K. 

A rapid, inexpensive technique for analysis of ^O/^O in water using pre-evacuated containers 
(Abstract). 

In: Seventh International Conference on Geochronology, Cosmochronology, and Isotope 
Geology, 1990, p. 94. (GWU 12300) 

Tarter*, J.C.; Chang*, S.; DeFrees*, D.J. (Eds.) 

Carbon in the Galaxy: Studies from Earth and Space. 

Moffett Field, CA: NASA, Ames Research Center, 360 p., 1990. (NASA-CP-3061) 

(GWU 12629) 
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Tielens, A.G.G.M. (Allamandola, L .J. = P.I.) 

Carbon stardust: From soot to diamonds. 

In: Carbon in the Galaxy: Studies from Earth and Space (Tarter, J.C., Chang, S., DeFrees, D. J., 
Eds.). Moffett Field, CA: NASA, Ames Research Center, p. 59-111, 1990. (NASA-CP-3061) 
(GWU 8845) 

Tielens, A.G.G.M. (Allamandola, L.J. = P.I.) 

Towards a circumstellar silicate mineralogy. 

In: From Miras to PN: Which Path for Stellar Evolution? (Mennessier, M.-O., Ed.). Editions 
Frontieres, 15 p., 1990. (GWU 12663) 


Turner, B.E.; Friberg, P.; Irvine*, W.M.; Saito, S.; Yamamoto, S. 

Interstellar cyanomethane. 

Astrophysical Journal 355: 546-561, 1990. (GWU 12280) 

Ziurys, L.M. (Irvine, W.M. = P.I.) 

Millimeter and submillimeter studies of interstellar high temperature chemistry. 

In: Submillimeter Astronomy (Watt, G.D., Webster, A.S., Eds.). Dordrecht, Holland: Kluwer 
Academic Publishers, p. 109, 1990. (GWU 14036) 
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Aymami, J.; Coll, M.; van der Marel, G.A.; van Boom, J.H.; Wang, A.H.-J.; Rich*, A. 
Molecular structure of nicked DNA: A substrate for DNA repair enzymes. 

Proceedings of the National Academy of Sciences, USA 87: 2526-2530, 1990. (GWU 13013) 


Baeza, I.; Ibanez, M.; Santiago, J.C.; Arguello, C.; Wong, C.; Oro*, J. 

Diffusion of Mn 2+ ions into liposomes mediated by phosphatidate and monitored by the activation 
of an encapsulated enzymatic system. 

Journal of Molecular Evolution 31(6): 453-461, 1990. (GWU 14186) 


Cabrera, A.L.; Maple, M.B.; Arrhenius*, G. 

Catalysis of carbon monoxide methanation by deep sea manganate minerals. 

Applied Catalysis 64: 309-320, 1990. (GWU 8242) 

Castillo-Rojas, S.; Navarro-Gonzalez, R.; Negron-Mendoza, A. (Ponnamperuma, C. = P.I) 
Experimental study and kinetic modeling of the gamma radiolysis of aqueous solutions of malic 

acid (Abstract). , _ . _ . 

In: Abstracts of Papers for the Thirty-Eighth Annual Meeting of the Radiation Research Society, 

New Orleans, LA, April 7-12, 1990, p. 142. (GWU 13850) 

Cheikh, A.B.; Orgel*, L.E. 

Polymerization of amino acids containing nucleotide bases. 

Journal of Molecular Evolution 30: 315-321, 1990. (GWU 12109) 

Chyba, C. (Sagan, C. = P.I.) 

Seeding Earth: Comets, oceans and life. 

Planetary Report X(l): 20-23, 30, 1990. (GWU 12312) 

Chyba, C.; Sagan*, C. . . J . . . _ . 

Cometary and asteroidal delivery of prebiotic organics vs. in situ production on the early Earth 

(Abstract). 

Bulletin of the American Astronomical Society 22(3): 1097, 1990. (GWU 14187) 

Chyba, C.F.; Thomas, P.J.; Brookshaw, L.; Sagan*, C. 

Cometary delivery of organic molecules to the early Earth. 

Science 249: 366-373, 1990. (GWU 12414) 

Danielson, A.; Moller, P. (Holland, H.D. = P.I.) 

Is the Europium-anomaly in BIF a result of extensive hydrothermal alteration of Archean seafloor . 
A theoretical explanation (Abstract). 

In: Third International Archaean Symposium, Extended Abstracts (Glover, J.E., Ho, S.E., 
Compilers). Perth, Scotland: Geoconferences, Inc., p. 329-330, 1990. (GWU 13841) 

Deamer*, D.W. 

Origins of amphiphilic molecules and their role in prebiotic evolution (Abstract). 

In: Abstracts, Twenty-Eighth Plenary Meeting of the Committee on Space Research, The Hague, 
The Netherlands, June 25-July 6, 1990, p. 246. (GWU 14188) 

Deamer*, D.W.; Harang, E. 

Light-dependent pH gradients are generated in liposomes containing ferrocyanide. 

BioSystems 24: 1-4, 1990. (GWU 12415) 
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Dirr, H.V.; Danielson, A.; Beukes, NJ. (Holland, H.D. = P.I.) 

Oxygen isotopes in the carbonates of the Campellrand Subgroup, Northern Cape, South Africa 
(Abstract). 

In: Third International Archaean Symposium, Extended Abstracts (Glover, J.E., Ho, S.E., 
Compilers). Perth, Scotland: Geoconferences, Inc., p. 311, 1990. (GWU 13842) 

Doudna, J.A.; Szostak, J.W.; Rich*, A.; Usman, N. 

Chemical synthesis of oligoribonucleotides containing 2-aminopurine: Substrates for the 
investigation of ribozyme function. 

Journal of Organic Chemistry 55: 5547-5549, 1990. (GWU 13540) 

Drenkard, S.; Ferris*, J.; Eschenmoser, A. 

Chemistry of a-aminonitriles. Aziridine-2-carbonitrile: Photochemical formation from 2- 
aminopropenenitrile. (German) 

Helvetica Chimica Acta 73: 1373-1390, 1990. (GWU 12305) 

Egli, M.; Gessner, R.V.; Williams, L.D.; Quigley, G.J.; van der Marel, G.A.; van Boom, J.H.; 
Rich*, A.; Frederick, C.A. 

Atomic-resolution structure of the cellulose synthase regulator cyclic diguanylic acid. 

Proceedings of the National Academy of Sciences, USA 87: 3235-3239, 1990. (GWU 13016) 

Ertem, G.; Ferris*, J.P. 

RNA oligomer formation on montmorillonite: The prebiotic formation of the phosphodiester bond 
(Abstract). 

In: 27th Annual Meeting, Clay Minerals Society, Columbia, MO, October 6-11, 1990, p. 48. 
(GWU 12304) 

Ferris*, J.P.; Guillemin, J.C. 

Photochemical cycloaddition reactions of cyanoacetylene and dicyanoacetylene. 

Journal of Organic Chemistry 55(21): 5601-5606, 1990. (GWU 12293) 

Ferris*, J.P.; Kamaluddin; Ertem, G. 

Oligomerization reactions of deoxyribonucleotides on montmorillonite clay: The effect of 
mononucleotide structure, phosphate activation and montmorillonite composition on 
phosphodiester bond formation. 

Origins of Life and Evolution of the Biosphere 20: 279-291, 1990. (GWU 12275) 

Fishel, R.; Anziano, P.; Rich*, A. 

Z-DNA affinity chromatography. 

Methods in Enzymology 184: 328-340, 1990. (GWU 13450) 

Fox*, S.W. 

Artificial bio-intelligence (Abstract). 

In: 5 th International Symposium on Biological and Artificial Intelligence Systems, Rome, Italy, 
September 3-6, 1990, p. 21. (GWU 12302) 

Fox*, S.W. 

The emergence of living functions from molecules. 

In: Symmetries in Science TV Biological and Biophysical Systems (Gruber , B., Yopp, J.H., 
Eds.). New York: Plenum Press, p. 53-66, 1990. (GWU 12301) 
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Fox*, S.W. 

Oparin, the first cells, and selection processes. 

In: Prebiological Self Organization of Matter (Ponnamperuma, C., Eirich, F.R., Eds.). Hampton, 
VA: A. Deepak Publishing, p. 183-195, 1990. (GWU 12285) 

Fox*, S.W. 

Thermal proteins in the first life and in the “mind-body” problem (Abstract). 

In: Evolution of Information Processing, International Meeting under Bertelsmann Foundation, 
Universitat Bremen, Bremen, Germany, October 8-10, 1990. 

Frederick, C.A.; Williams, L.D.; Ughetto, G.; van der Marel, G.A.; van Boom, J.H.; Rich*, A.; 
Wang, A.H.-J. 

Structural comparison of anticancer drug-DNA complexes: Adriamycin and daunomycin. 
Biochemistry 29: 2538-2549, 1990. (GWU 13011) 

Greenberg, J.M. (Ferris, J.P. = P.I.) 

What have we learned; Where do we go from here? 

In: Carbon in the Galaxy: Studies from Earth and Space (Tarter, J.C., Chang, S., DeFrees, D ,J., 
Eds.). Moffett Field, CA: NASA, Ames Research Center, p. 311-316, 1990. (NASA-CP-3061) 
(GWU 1 1423) 

Harada, K.; Orgel*, L.E. 

Synthesis of 5'-deoxy-5'-nucleosideacetic acid derivatives. 

Nucleosides & Nucleotides 9(6): 771-785, 1990. (GWU 12419) 

Harada, K.; Orgel*, L.E. 

Template-directed oligomerization of 5'-deoxy-5'-nucleosideacetic acid derivatives. 

Origins of Life and Evolution of the Biosphere 20: 151-160, 1990. (GWU 12418) 

Harang, E.A.; Deamer*, D.W. 

Amino acid permeability across liposome bilayers (Abstract). 

Biophysical Journal 57:487a, 1990. (GWU 13941) 

Holland*, H.D.; Beukes, NJ. 

A paleoweathering profile from Griqualand West, South Africa: Evidence for a dramatic rise in 
atmospheric oxygen between 2.2 and 1.9 bybp. 
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